Gestational diabetes mellitus (GDM) is defined as glucose intolerance with onset or first recognition during pregnancy. 1 Women with GDM not only have increased incidence of pre-eclampsia, macrosomia and caesarean section, 2 but also experience higher risk of developing type 2 diabetes mellitus after pregnancy. 3 It is documented that women with GDM had at least a sevenfold increased risk of developing type 2 diabetes mellitus after delivery compared with those who have had a normoglycaemic pregnancy. 4
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Chronic kidney disease (CKD) has become a worldwide public health problem and is commonly characterized by insulin resistance. 6, 7 It has been shown that CKD and diabetes share similar pathological mechanisms. 8 Blood urea nitrogen (BUN) is conventionally considered as a parameter to evaluate renal function and had been reported to be associated with cardiovascular events and mortality in various pathophysiological conditions. 9, 10 Prior experimental studies suggested that increased levels of urea might induce insulin resistance and suppress insulin secretion both in vitro and in vivo. Recently, epidemiological evidence from the US Department of Veterans Affairs databases provided the evidence that higher levels of BUN were associated with increased risk of incident diabetes mellitus among people without diabetes 11 and increased risk of insulin use in patients with diabetes. 12 However, whether BUN during the first trimester of pregnancy increases risk of incident GDM remains unknown. Hence, we aim to explore the relationship between first-trimester BUN and GDM in a larger cohort of pregnant women.
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| Participants
The multicenter cohort study was conducted in ten hospitals and fifteen community healthcare centres of Kunshan, Jiangsu Province, China, from January 2015 to December 2017. The aims of this cohort study were to identify first-trimester predictors of adverse pregnancy outcome. Pregnant women receiving prenatal care at participating hospitals or healthcare centres were invited to participate in this cohort. Women 14-40 years old were included, and exclusion criteria were without first-trimester data of BUN, receiving first prenatal care after 14 weeks, drug and/or alcohol abuse and uncontrolled endocrine disease. Finally, a total of 13 448 women were eligible for this analysis.
The study was approved by the Ethics Committee of Maternal and Child Health Hospital of Kunshan, and written informed consent was obtained from all study participants.
| Data collection and outcome definition
Baseline data on maternal demographic characteristics, such as maternal age, gravidity and parity, and educational levels, were collected at the first trimester with a standard questionnaire by a face-to-face interview with pregnant women. During each pregnancy visit, healthcare professionals gave some advice and conducted relevant medical examinations including physical examination and electrocardiography based on the health status of pregnant women. Three blood pressure (BP) measurements were also obtained by trained nurses using a standard mercury sphygmomanometer. Body weight and height were measured with participants wearing light clothing and without shoes. Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in metres. Gestational weight gain was defined as the increase of weight from the first pregnancy visit to the last visit. Blood samples were collected within 24 Logistic regression models were used to calculate odds ratios (ORs) and 95% confidence intervals (95% CIs) of GDM for upper quartiles (Q2-Q4) compared to the lowest quartile (Q1) and for 1-SD increment of logarithm-transformed BUN levels. The multivariate-adjusted models included maternal age, education, gravidity, parity, baseline BMI, gestational weight gain, systolic BP, baseline FPG, white blood cell (WBC), haemoglobin and eGFR. A receiver operating characteristic (ROC) curve was further configured to explore cut-off point of first-trimester BUN that optimally predicted GDM. In addition, spline regression models were used to examine the shape of the association between BUN and GDM by fitting a restricted cubic spline function and 4 knots (5th, 35th, 65th and 95th percentiles). 15 Sensitivity analysis was conducted to test the robustness of our results by excluding participants with low eGFR (<90 mL/min per 1.73 m 2 ). In subgroup analyses, we conducted multivariable models to examine effect modification by maternal age, gravidity, baseline BMI, gestational weight gain, systolic BP, WBC and haemoglobin. The interaction between BUN and interested factors was tested by the likelihood ratio test of models with interaction terms. Furthermore, C statistic, category-free net reclassification index (NRI) and integrated discrimination improvement (IDI) were calculated to evaluate the improvement of discrimination and reclassification by adding first-trimester BUN to conventional risk factors model. 16 Two-tailed P < .05 was considered to be statistically significant. All statistical analyses were conducted by SAS statistical software (version 9.4).
| Statistical analyses
| RE SULTS
| Baseline characteristics
The present analysis included a total of 13 448 women, mean age of whom was 27.63 ± 4.09 years, and the median serum BUN concentration was 2.91 mmol/L (IQR, 2.40-3.50 mmol/L). The baseline characteristics are presented in Table 1 . Compared with the participants with lower BUN levels, those with higher BUN levels tended to be older, had higher proportion of gravidity (≥2), senior high school, higher levels of gestational weight gain, FPG, haemoglobin, serum creatinine and eGFR, but had lower levels of BMI and diastolic BP, and lower proportion of junior middle school or below. Multiple-adjusted spline regression models suggested a linear association between BUN levels and GDM (P for linearity <0.001; Figure 1 ). Note: Data given as mean ± SD, mean (IQR) or n (%).
| Association between BUN and GDM
TA B L E 1 Characteristics of participants according to serum blood urea nitrogen quartiles
Abbreviations: BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; WBC, white blood cell.
In the sensitivity analyses, further exclusion of participants with low eGFR (<90 mL/min per 1.73 m 2 ) did not change the association between BUN and GDM (Table 3) . Similar significant associations between high BUN and GDM were observed in all subgroups (Table 4 ).
Statistical tests for interactions between BUN and these interesting factors on outcome were not significant (all P > .05).
| Discrimination and reclassification of BUN
Discrimination and reclassification for GDM by BUN are shown in Table 5 . Adding BUN to the conventional model significantly improved C statistic by 0.2% (P = .003), category-free NRI by 14.67% (P < .001) and IDI by 0.12% (P < .001) for GDM.
| D ISCUSS I ON
In this multicenter cohort study, we observed a dose-response association between higher first-trimester BUN and an increased risk of developing GDM, even after adjustment for potential confounders including eGFR. Sensitivity and subgroup analyses further confirmed our findings. To our knowledge, this is the first study to examine the association between BUN during the first trimester of pregnancy and the risk of incident GDM.
A growing body of epidemiological studies have documented that CKD was associated with diabetes mellitus. [17] [18] [19] For example, a large cross section of 37 716 female participants from the Kidney Early Evaluation Program (KEEP) found that women with GDM had a higher prevalence of microalbuminuria, even in the absence of subsequent overt diabetes. 18 Another prospective cohort study conducted in 820 women from Coronary Artery Risk Development in Young Adults (CARDIA) study reported a significant association between GDM and CKD with an adjusted hazard ratio of 1.96 (95% CI, 1.04-3.67) among black women. 19 It is likely that diabetes mellitus and kidney disease share similar pathological mechanisms. 8 On the one hand, diabetes mellitus is a driver of kidney disease, 20 and kidney disease including urea or other uraemic components may increase the risk of diabetes on the other. 21, 22 Blood urea nitrogen, generally considered as one of the kidney function markers, has been recently reported to be associated with diabetes mellitus. 7, 11, 23 However, data from cohort studies on the associ- studies provided evidence that urea as a putative culprit could increase insulin resistance and suppress insulin secretion. 7, 23 In a previous paper, the capacity of urea synthesis was increased among insulin-dependent diabetes patients. 24 Recently, a large cohort of 1 337 452 US Veterans followed for a median of 4.93 years provided epidemiologic evidence to support the finding that a higher concentration of BUN was associated with an increased risk of incident diabetes mellitus. 11 Our results extended this information specifically to pregnant women population and provided epidemiologic evidence to support the relationship between BUN and developing GDM. In the present study, we found that a higher level of first-trimester BUN was significantly asso- sulphates, modification of gut microbiome, oxidative stress and inflammation. 7, 26, 27 Researchers further observed that beta-cell dysfunction induced by elevated levels of uraemic metabolite urea is an important contributor to impaired glucose homeostasis in CKD mice. 28 Furthermore, in human studies, Xie and colleagues recently had found that higher levels of BUN were associated with an increased risk of insulin use among people with diabetes. 12 Further studies are needed to clarify the mechanisms and to validate our findings in other cohorts.
Our study has some strengths. This is a multicenter prospective study with a large sample size of pregnant women. All data in our study were collected with rigid quality control. Moreover, comprehensive information about potential confounding factors of BUN-GDM relationship was collected and controlled in the multivariable models. What' more, the sensitivity and subgroup analyses confirmed the significant association between first-trimester BUN and GDM, suggesting the robustness of our finding. Several limitations should be discussed here. First, although we attempted to control for all relevant potential confounders available in our study, some unmeasured or unknown residual confounders remained due to observational study design. Second, all the participants were from China, so it should be cautious when the findings extrapolate to other populations. Third, our study cannot affirm the association between BUN and overt diabetes after delivery. Further long-term follow-up studies are required to clarify the relationship between first-trimester BUN and diabetes mellitus after delivery.
| CON CLUS IONS
Our results indicated that higher concentrations of BUN during the first trimester of pregnancy were positively and independently associated with increased risk of GDM. Adding BUN to conventional risk factors significantly improved risk prediction for GDM, suggesting that first-trimester BUN could be a potential predictor for GDM. 
